Isolated fractures of the first rib are uncommon. They are caused by major blunt trauma, a violent muscular pull, or fatigue. Diagnosis is usually made by chest radiography and computed tomography. Angiography is justified when certain criteria are met. Treatment is rest and mild analgesia. Early and late complications have been reported and are treated accordingly. The purpose of this article is to report a case of first rib stress fracture in a kick boxer and review the pertinent literature.
I solated fracture of the first rib is an uncommon and unusual entity not been previously reported in a kick boxer. It may be the result of trauma, violent muscular avulsion, or fatigue. There has been debate over the cause of isolated first rib fractures sustained without direct violent trauma. Many are located in an area of anatomical weakness (shallow depression for the subclavian artery). Powerful contraction of the scalenus anterior muscle (which inserts on the scalene tubercle adjacent to the subclavian artery), caused by coughing, sneezing, playing tennis, or baseball pitching, may result in acute fracture, with repeated insults resulting in stress fracture.
We present a case of a first rib stress fracture in a kick boxer and review the pertinent literature.
CASE REPORT
A 19 year old white male soldier presented to the accident and emergency department complaining of stabbing pain in the region of the right shoulder. It started when he was kick boxing two hours earlier but he had not sustained a direct injury to the region. He initially experienced mild discomfort over the posterior right scapula area, which gradually changed to what he described as a strong pain.
On physical examination there was tenderness over the right scapula area both at rest and with motion of the right arm, especially abduction. There was no obvious deformity or swelling. There were no neurological symptoms or findings. Radiographs taken at that time were normal. Although symptoms gradually improved with mild oral analgesics and relaxation over a period of four weeks, mild discomfort remained six months later. Radiographs taken at that time showed callus formation on the right first rib (fig 1) . A computed tomography scan of the area confirmed the callus formation (fig 2) , and a radionuclide bone scan with technetium 99m-DMP showed focal abnormal increased activity in the location of the lesion (fig 3) . All special investigations were normal.
Follow up six months later (one year from the onset of pain) with radiographs, computed tomography scan of the area, and radionuclide bone scan showed no change compared with the ones obtained six months earlier. At that time the patient was symptom free.
DISCUSSION AND LITERATURE REVIEW
Fractures of the first rib have been reported to occur as a result of: (a) direct external trauma [1] [2] [3] [4] [5] [6] [7] [8] [9] -for example, a kick directly to the rib; (b) indirect trauma 1 3 6 7 10-13 -for example, falling on an outstretched arm, hyperabduction of the arm, a blow to the shoulder; (c) fatigue, stress fractures, 2 3 6 13-24 or violent muscular contraction. 3 13 14 21 23 25-27 First rib fractures may be isolated or occur in association with other rib fractures 1 2 4-6 8 9 21 and are usually located in an area of anatomical weakness (a shallow depression for the subclavian artery).
11 13 17 26 28 All the other ribs are different from the first rib as it is deeply placed and protected on all sides by the shoulder girdle and by the regional musculature. Isolated first rib fracture is rarely the result of direct external violence. If this is the cause, there are often other associated fractures (clavicle, scapula) and great concern that there may be associated injury to the subclavian vessels, brachial plexus, or the pleura. 2 29 The first reported isolated fracture of the first rib was due to repeated kicks sustained in a brawl and rapidly led to death from the associated rupture of the subclavian vessels. 5 The first rib is acutely curved, usually the shortest rib, and is broad and flat. 30 It slopes obliquely down and forwards to its sternal end circumscribing an arc of 180˚. The superior surface of the flattened shaft is crossed obliquely by two shallow grooves, for the subclavian vein and artery, separated by a slight ridge which ends at the internal border usually as a small, pointed projection, the scalene tubercle, for the attachment of the scalenus medius muscle. Anterior to the scalene muscles, the first rib serves as an attachment for the first digitation of the serratus anterior, the subclavius muscle, and the costoclavicular ligament. The intercostal muscles are attached to the convex outer margin of the first rib along the greater part of its length. Structures immobilising or providing caudal pull are the serratus anterior, intercostals, subclavius muscle, subclavian artery and vein, and the brachial plexus. It has been suggested that sudden powerful contraction of the scalene muscle may fracture the rib at its thinnest segment. 31 This may occur when the head is thrown backwards or sideways. Heavy lifting, in which traction on the arm is associated with sudden and violent contraction of the scalenus anterior, may lead to fracture. 2 14 26 27 Muscular pull may be the cause in reported cases of acute fractures after coughing, sneezing, playing tennis, or baseball pitching. 6 14 20 22 23 25 There is a distinction between a single acute event and repetitive stresses that result in fracture of the bone. 15 21 Repeated insults can lead to stress or fatigue fractures.
In cases of rib fractures in children, especially first rib fracture, child abuse must be considered. 32 Possible mechanisms for first rib fracture include impact force, compressive force, and shaking or acute axial load (slamming), which cause indirect fracture.
Many first rib fractures are found incidentally during routine screening chest radiographs of military servicemen. Alderson, 14 in a series of 75 000 routine consecutive roentgenograms of servicemen, found 73 cases of fracture of the first rib. Etter 33 discovered 31 anomalies of the first rib among 40 000 consecutive chest roentgenograms. Bowie and Jacobson 34 reported 17 cases of first rib fracture out of 62 782 roentgenographic chest examinations.
Most patients with first rib fracture present with pain. According to the literature, as in our case, the pain is usually located under the scapula and shoulder or behind the clavicle. 2 14 17 19 20 22 25 27 This symptom may be clinically misleading raising concern about shoulder pathology. The pain may also be located in the upper chest or the base of the neck. 6 25-28 The pain may be acute or increase over several days. 13 27 In some cases there has been reported pleuritic chest pain. 13 20 Pain is noted with motion of the shoulder, especially with obvious abduction greater than 90˚. 13 27 Weakness of the upper extremity 27 and occasionally pain or paraesthesias radiating down the arm have also been described. 2 13 25 28 First rib fracture is normally visualised with chest radiographs and radiographs of the thoracic ribs as a simple linear crack. The fracture may resemble non-union or pseudoarthrosis if it has been present for some time 14 19 21 27 or as callus formation, as in our case. When callus formation is visualised on radiographs, and the history given from the patient is unclear, a computed tomography scan of the area and a radionuclide bone scan with 99m Tc-DMP are justified. Early complications from first rib fractures, such as rupture of the apex of the lung, pneumothorax, emphysema, pleurisy, aortic arch aneurysm, tracheo-oesophageal fistula, branchial plexus injury, Horner's syndrome, ruptured subclavian artery, and abscess formation above or below the clavicle, have been reported. 1 2 4 6 7 9 11 35 Angiography is justified in many patients when certain criteria are met-for example, in multiple traumas with a pulseless limb. 1 4 7 9 Specific indications for arteriography of subclavian artery and aortic arch in patients with first rib fracture after trauma include widened mediastinum on chest radiography, pulse deficit in the arm, posteriorly displaced first rib fracture, subclavian groove fracture anteriorly, brachial plexus injury, and expanding haematoma. 36 However, in an isolated first rib fracture caused by stress or muscle pull, it is rarely indicated. 1 7 9 Late complications such as Horner's syndrome, thoracic outlet syndrome, and non-union or pseudoarthrosis of the rib have been reported, but they are very rare. 6 9 15 37 38 Two explanations have been proposed for pseudoarthrosis occurring without history of trauma. 3 19 27 33 34 Firstly, in some congenital defects of ossification, the margins adjacent to the defect are smooth and show no callus formation or healing potential. Secondly, acquired fractures can show bone sclerosis in the rib adjacent to the defect and ineffective callus formation.
Treatment for isolated first rib fractures, without any complications, is mild analgesia and rest until symptoms resolve. 2 17 20 25 27 28 If complications are present, each must be treated accordingly. Non-union of first rib fractures has been reported as asymptomatic, with no further treatment 
Information box
It is well known that rib fractures caused by stress can occur in athletes. However, they are not common. To our knowledge this is the first to be reported in a kick boxer, and our purpose is to draw attention to this clinical entity.
